Background: To improve acute trauma care workflow, the number of trauma centers equipped with a computed tomography (CT) machine in the trauma resuscitation room has increased. The effect of the presence of a CT machine in the trauma room on a patient's outcome is still unclear. This study evaluated the association between a CT machine in the trauma room and a patient's outcome. Methods: Our study included all trauma patients admitted to a trauma center in Yokohama, Japan, between April 2014 and March 2016. We compared 140 patients treated using a conventional resuscitation room with 106 patients treated in new trauma rooms equipped with a CT machine. Results: For the group treated in a trauma room with a CT machine, the Injury Severity Score (13.0 vs. 9.0; p = 0.002), CT scans of the head (78.3 vs. 66.4%; p = 0.046), CT scans of the body trunk (75.5 vs. 58.6%; p = 0. 007), intubation in the emergency department (48.1 vs. 30.7%; p = 0.008), and multiple trauma patients (47.2 vs. 30.0%; p = 0.008) were significantly higher and Trauma and Injury Severity Score probability of survival (96. 75 vs. 97.80; p = 0.009) was significantly lower than the group treated in a conventional resuscitation room. In multivariate analysis and propensity score matched analysis, being treated in a trauma room with a CT machine was an independent predictor for fewer hospital deaths (odds ratio 0.002; 95% CI 0.00-0.75; p = 0.04, and 0.07; 0.00-0.98, respectively). Conclusions: Equipping a trauma room with a CT machine reduced the time in decision-making for treating a trauma patient and subsequently lowered the mortality of trauma patients.
Background
Trauma is the leading cause of death among young people around the world [1] and in those aged < 45 years in Japan [2] . In addition, approximately 23,000 trauma deaths occur each year in Japan [2] . Trauma has a negative impact on the lives of people and is a risk for social welfare [1] . Improving therapeutic procedures and diagnostic evaluations for trauma patients is necessary to increase their survival and improve public health.
In recent years, computed tomography (CT) has provided faster operations and more detailed images and can be made easily available in acute trauma care. CT scanning in the early diagnostic phase of trauma care is critical and has become an essential part of a trauma diagnostic work-up. In previous studies, CT scanning contributed to a change of treatment without obvious external signs of injuries [3] [4] [5] , gained time benefits compared with a conventional resuscitation [6] [7] [8] [9] , and had potential survival benefits for trauma patients, especially when total-body CT scanning (TBCT) was performed [10] [11] [12] [13] [14] [15] . To improve acute trauma care workflow, the number of trauma centers equipped with a CT machine in the trauma resuscitation room has increased [6, 7, [16] [17] [18] [19] [20] . Equipping a CT machine in a trauma room is expensive, and the effect of a CT machine in the trauma room compared with a conventional resuscitation room on a patient's outcome is still unclear because of the inconsistency in previous findings [6, [18] [19] [20] [21] [22] . Thus, we conducted a before and after comparison study to evaluate the association between the presence of a CT machine in the trauma resuscitation room and a patient's outcome.
Methods
The Yokohama City University Medical Center (YCUMC), Yokohama, Japan, has recently equipped a trauma room with a CT machine and has been functioning as a designated, regional trauma center since April 2015. Yokohama City has approximately 3.7 million inhabitants. In April 2015, a prehospital-to-hospital care protocol was introduced. In the protocol, emergency medical services were used to transport severe trauma patients, such as those suffering from shock from a blunt trauma, penetrating injuries to the neck, or two or more proximal long-bone fractures, to a designated trauma center. Regarding pre-hospital care system in Japan, a regional medical control council (MC council) determines treatment and delivery protocols, depending on a patient's conditions. In this system, a local ambulance transfers severe trauma patients to a tertiary medical facility, and an emergency and critical care center admits the patient. Yokohama City designated two hospitals as regional severe-trauma centers, based on a criteria indicated by the Japanese Association for The Surgery of Trauma, and YCUMC is one of them. Such designations in Yokohama City are the first attempt by a local administration in the country. At the same time, YCUMC placed a CT machine in a new trauma resuscitation room in the emergency department (ED) (Fig. 1) . A trauma team was established, consisting of well-trained staffs to provide patients with a trauma survey and treatment. The trauma team has a leader, who is a trauma surgeon or an emergency physician. After the establishment of the new trauma resuscitation room, a patient is directly transferred to the trauma resuscitation room and onto a CT carbon table. Any life-saving procedures, including airway management, chest tube replacement, or emergency laparotomy, can be performed on the CT table. After the life-saving procedures, each leader decides whether or not to perform a CT scan immediately during the primary survey for patients whose vital signs are within an acceptable range, such as percutaneous oxygen saturation (SaO 2 ), 90%; heart rate (HR), 130 bpm; and systolic blood pressure (SBP), 70 mmHg. The patient undergoes a CT scan without transfer because the CT table can slide. The CT machine is an 80-slice multidetector device, PRIME Aquilion®, manufactured by Toshiba. The team leader can call a general surgeon, an anesthesiologist, a radiologist, an orthopedic surgeon, a plastic surgeon, or a neurosurgeon within 30 min any time during the day, if necessary. The leader decides whether to perform TBCT or selective CT on the trauma patient, not dependent on previous protocols presented [23] [24] [25] . This reduces the number of unnecessary scans for the patient receiving a head CT scan, preventing a disturbance of consciousness or head trauma.
Before the protocol was introduced, a patient received a conventional resuscitation room and trauma care based on the guidelines of the Japan Advanced Trauma Evaluation and Care program by the Advanced Trauma Life Support [2, 26] . Briefly, in the primary survey, the trauma care team begins with priority-oriented resuscitation. The team performs a focused assessment with sonography for trauma (FAST) with chest and pelvic X-ray examinations for diagnosis during the primary survey. In addition, if available in the facility, a selective CT scan is performed before emergency bleeding control is initiated. Each team leader decides whether or not to perform the CT scan if lifethreating problems are clearly detected in the FAST and Xray images or if patient transfer is difficult because of hemodynamic instability. The CT machine is located on the same floor as the resuscitation room, approximately 50 m away. The time required to perform the CT scan, including patient transfer time, is approximately 20 min.
This observational study utilized data from all trauma patients admitted to YCUMC. Our study included all trauma patients admitted to YCUMC between April 2014 and March 2016. Inclusion criteria consisted of all adult trauma patients (aged ≥ 18 years). Exclusion criteria included the following: patients with traumatic cardiopulmonary arrest on arrival, burn patients, patients who were < 18 years, and those who were transferred from other hospitals. We categorized the patients into two groups: patients treated using the conventional resuscitation room and patients treated in the CT-equipped trauma room. The following data were retrospectively obtained from the patients' medical records: sex; age; Abbreviated Injury Score (AIS); Injury Severity Score (ISS); Revised Trauma Score (RTS); probability of survival (Ps); initial vital signs upon arrival to the hospital, including HR, SBP, the Glasgow Coma Scale (GCS), respiratory rates, and body temperature; CT scans of the head and body trunk; initial laboratory data, including lactate, base excess, hemoglobin, fibrinogen, activated partial thromboplastin time, international normalized ratio of prothrombin time (PT-INR), fibrin degradation products, and D-dimer levels; injury mechanisms; intubation in ED; chest tube placement in ED; use of the resuscitative endovascular balloon for occlusion of the aorta in ED; transcatheter arterial embolization (TAE); need for large transfusions defined as transfused red blood cells of 10 units or more within 24 h after arrival to ED; ED stay, which was the time from arrival to transfer to the operation room, the angiography room, or the intensive care units (ICUs); time to CT scan, which was the time from arrival to the start of the CT scan; time to emergency operations to control bleeding, which was the time from arrival to the initiation of the operation; time to TAE, which was the time from arrival to the start of TAE; length of hospital stay (LOS; in days); and the length of ICU stay (in days). The types of trauma were categorized as blunt or penetrating. RTS was calculated using a formula described by Champion et al. [26, 27] . Ps was calculated using the Trauma and Injury Severity Score (TRISS) methods [28] . Hypotension was defined as SBP below 90 mmHg at arrival. Isolated traumatic brain injury was defined as having a GCS score of below 9 and an AIS head score of 3 or above without non-head region AIS score of greater than 1. Patients with multiple traumas were defined as those with an ISS of 16 or above.
The primary outcome measure was hospital mortality. Secondary outcome measures included LOS, length of ICU stay, need for large transfusions, time from the CT scan to the initiation of surgeries for controlling bleeding, time from the CT scan to the start of TAE, and the length of ED stay.
Data were analyzed for all eligible patients. Data were presented as median and interquartile ranges for not normally distributed values or number with percentages as appropriate. Continuous variables were compared between the two patient groups using the Mann-Whitney U test. Categorical variables were analyzed using Fisher's exact test. Predictive survival rates (TRISS Ps), actual survival rates, and their ratios were calculated for the two groups: a patient group treated in the trauma room with CT and treated in the conventional resuscitation room. In order to compare predicted survival rate and actual survival rate by each group, Z statistic was calculated. M statistic was calculated to compare the difference from the standard severity distribution by Major Trauma Outcome Study (MTOS) [28] . As subgroup analysis, we calculated predictive survival rate, actual survival rate, Z statistic, and M statistic for multiple trauma patients, defined as ISS ≥ 16. In addition, we compared the two groups in terms of clinical and basic characteristics, such as mortality, age, and sex, to acknowledge the difference between the included and excluded samples.
Multivariate logistic regression analysis was used to control for potentially confounding variables, identified as prior to locating the CT in the trauma resuscitation room. Based on clinical reasoning and avoiding multicollinearity within variables, the following variables were entered in the model: CT machine in the trauma room, age, gender, ISS, RTS, lactate, PT-INR, and time to CT scan.
Furthermore, to minimize the effect of confounding variables due to a non-randomized study in evaluating the effect of locating a CT machine in the trauma resuscitation room on mortality, propensity scores were calculated with locating the CT machine or not as a dependent variable and ISS, RTS, sex, PT-INR, fibrinogen, and performing CT as independent variables. We used optimal methods to create 1:1-matched study groups with a 0.05 caliper width. After adjusting for these confounding variables, we performed both univariate and multivariate logistic regression analyses with a forward selection, in which p < 0.10 was set as a criterion to include in the model for evaluating the effect of locating the CT machine in the trauma resuscitation room on mortality.
A p value of < 0.05 was considered to indicate statistical significance. All statistical analyses were performed using EZR, which is a graphical user interface for R (version 3.1.2, The R Foundation for Statistical Computing, Vienna, Austria) [29] and IBM SPSS Statistics, Version 22.0 (IBM Corp, Armonk, NY, USA).
Results
During the study period, 381 trauma patients were admitted to YCUMC. We found a total of 246 trauma patients who were meeting the inclusion criteria (Fig. 2) . We compared the included patient group with the excluded group. Compared to the included samples, the excluded samples had significantly higher mortality (34.8 vs. 5.7%; p < 0.001) and younger age [51 (36-69) years (median, IQR) vs. 45 (17-61); p < 0.001)]. We found no significant difference in sex (p = 0.482) between the groups.
Baseline characteristics of the included patients are summarized in Table 1 . TRISS was applied to all 246 patients. In a total of 246 patients, the median age was 51 (36-69) years and the ISS was 10 (4-18). In total, 206 patients (83.7%) underwent CT and 15 died (6.1%). In the standard work-up group, one patient could not undergo a CT scan because of hemodynamic instability. The group with patients treated using the standard work-up included 140 patients, and the group with those treated in the trauma rooms equipped with a CT machine included 106 patients. There were no statistically significant differences in age, arrival status without GCS, type of trauma, isolated TBI using REBA, and urgent operations to control bleeding between the two groups. ISS (13.0 vs. 9.0; p = 0.002), CT scan of the head (78.3 vs. 66.4%; p = 0.046), CT scan of the body trunk (75.5 vs. 58.6%; p = 0.007), intubation in ED (48.1 vs. 30.7%; p = 0.08), and multiple trauma patients (47.2 vs. 30.0%; p = 0.08) were significantly higher in the group treated in the CT-equipped trauma room compared with the group treated using the standard work-up, respectively. There were no statistically significant differences in the hospital mortality. The median time to CT scan was significantly shorter after installation of the CT machine (23 vs. 37 min, p < 0.001). The median time in ED was significantly shorter in the group treated in the trauma room with a CT machine (72 vs. 91 min, p = 0.044). The median time to urgent operations to control bleeding and the time to TAE were not statistically different between the groups. LOS and the need for large transfusions were not significantly different between the two groups. TRISS Ps (96.75 vs. 97.80; p = 0.009) was significantly lower in the group treated in the CT-equipped trauma room ( Table 1 ). The survival ratio in the main analysis was significantly higher in the CT trauma room group. The severity distribution was found far from the standard distribution of MTOS both in all patients and multiple trauma patients in the CT in the trauma room group (M statistic 0.78 and 0.39 respectively).
Multivariate logistic regression analysis was applied to control for potentially confounding variables. Being treated in the CT-equipped trauma room was an independent predictor for fewer hospital deaths (p = 0.04). Age, ISS, RTS, lactate, and time to CT scan were also independent predictors for hospital deaths (Table 2) . Being treated in the trauma room with the CT machine was not a predictor for ICU stay (over 3 days), hospital stay (over 16 days), or the need for large transfusions. ISS was an independent predictor for ICU stay, hospital stay, and the need for large transfusions. RTS was an independent predictor for hospital stay and massive transfusions. Lactate was an independent predictor for massive transfusions. Details on the logistic regression results for ICU stay, hospital stay, and the need for large transfusions are provided (Fig. 3) .
After propensity score matching of patients treated using CT or not in the trauma room, we obtained 88 patients for each group with a total of 176 trauma patients. We found no significant differences in baseline characteristics, except for the time to perform CT and ED stay between the two matched study groups (Table 3 ). There were no statistically significant differences in hospital mortality on univariate analysis with the propensity score-matched samples. Furthermore, multivariate logistic regression analysis of the matched samples demonstrated that being treated in a CT-equipped trauma room was a significant factor and resulted in fewer hospital deaths [odds ratio (OR) 0.07, 95% confidence interval 0.00-0.98, p = 0.0478]. Age, ISS, and RTS were also significant independent predictors for hospital death (p < 0.001, p = 0.024, and p < 0.001, respectively; Table 4 ). Details of the results of logistic regression analysis after propensity score matching of ICU stay, hospital stay, and the need for large transfusions are shown in Fig. 3 .
Discussion
Our study showed for the first time that a CT machine in the trauma room had a significantly positive effect on mortality. Patient mortality in the room with a CT machine was higher than that treated with the standard work-up; however, there were no statistically significant differences in hospital mortality after univariate analysis. This was after YCUMC was designated as a trauma center with more severe patients, higher ISS, and lower Ps. However, multivariate logistic regression analysis of the entire sample and the samples after propensity score matching showed positive effect on mortality. This significant association might attribute to a reduced time in decisionmaking. Equipping a trauma room with a CT machine allows clinicians quicker access to the machine to provide clinical decisions to treat faster with greater accuracy than a standard work-up. This speed with accuracy in the decision-making likely contributes to a lower mortality.
In addition, we had prepared and conducted series of simulation training in advance using the new trauma room with staffs involved in acute trauma care such as doctors, nurses, and laboratory technicians. Improvement of workflow through these simulation trainings might contribute to lower mortality for the trauma room with the CT group.
We did not find other significant associations in the secondary outcomes, such as the length of ICU stay and Table 1 Characteristics and outcome differences between patients treated in a trauma room with CT and a conventional resuscitation room (n = 246) TAC traumatic acute coagulopathy, ISS Injury Severity Score, RTS Revised Trauma Score, Ps probability of survival hospital stay. Our results suggest that the quality of care for patients will improve in a trauma room with a CT machine, independent of the severity of the trauma. Previous studies with a pre-post study design showed inconsistent findings on the association between a CT machine in the trauma resuscitation room and an improvement in clinical outcomes [6, [17] [18] [19] . A randomized control trial, the RACT1 trial, compared a CT machine in the trauma room to the conventional resuscitation room in two Dutch trauma centers (n = 1124) and found no significant effects of the CT machine in the trauma room on patient mortality [21] . Recently, a multicenter randomized control trial to examine the effect of immediate TBCT scanning, the REACT 2 trial, conducted in several trauma centers found no significance in the reduction of mortality [30] ; however, not all the trauma centers conducting the immediate TBCT had a CT machine in the trauma room. Stefan Huber-Wagner et al. compared the distance of the CT machine from the trauma resuscitation room with survival from several trauma centers [14] . Our study was the first to identify the significant and positive effect of a trauma room equipped with a CT machine on patient mortality.
Our study also showed that a CT machine in the trauma room reduced the time to the start of CT scan by 20 min (from 37 to 23 min) and the length of the ED stay by 19 min (from 91 to 72 min). In selected samples after propensity score matching, time to start CT scan was reduced by 18 min (from 40 to 22 min) and the length of the ED stay reduced by 25.5 min (from 94.5 to 69 min). This Fig. 3 Results of multivariate logistic regression analysis and propensity score matched analysis on primary and secondary outcomes, comparing patients treated in the trauma room with CT and treated in the conventional resuscitation room. Adjusted models include age, gender, ISS, RTS, lactate, PT-INR, and time to CT as covariates Table 3 Characteristics and outcome differences between patients treated in trauma room with CT and conventional resuscitation room after propensity score matching (n = 176) reduction was comparable or larger than that described in previous studies [7, 18, [20] [21] [22] 30] . This time saved could improve the workflow in a trauma care center and has a beneficial effect for the department staff. Previous studies have shown that the diagnostic work-up time was significantly longer in patients undergoing a conventional resuscitation [7, 18, [20] [21] [22] 30] . A rapid overview of all threatened body regions can be obtained, which increased decisionmaking and treatment times, leading to a lower mortality. The presence of a CT machine in a trauma resuscitation room also has the following potential benefits. Installing a CT machine in a trauma room reduces the number of transfers to a CT room. Patient transfers can be time-consuming and laborious as the patient has to be moved to a transport stretcher and then back to a CT table. In a previous study, it was dangerous to transfer patients with hemodynamic instability to a CT room, which was called the tunnel of death [31] . These hemodynamically unstable patients could undergo a CT scan using the CT machine located in the trauma room. In our study, there were no patients who were unable to receive a CT scan because of hemodynamic instability in the group of patients treated in the trauma room with a CT machine. Installing a CT machine in a trauma room may resolve decision-making dilemmas in acute trauma care in patients without an obvious primary source or potentially multiple sources of hemorrhage. Such patients would benefit the most from CT scan information, as well as the reduced time to treatment.
We acknowledge several limitations of our study. First, this was a retrospective study; therefore, it was impossible to perform a sample size calculation. The current sample size would justify the utilization of a regression model with given proportions of outcomes [32] . Second, significant differences in baseline, including ISS and RTS, were observed between the two groups, which suggest heterogeneity in patients and raise concerns regarding the inability to control the effects of confounding factors. Thus, we employed a valid multivariate model to control these differences in our analysis. In addition, to overcome the bias, we further performed propensity score matching analysis because randomly allocating a patient into use or non-use of a trauma room with a CT machine could be difficult in certain clinical situations. Third, we also conducted a single-center study. There could be selection bias and a limitation in generalizability. Patients admitted to our hospital might be treated with a shorter time to transfer compared to those admitted in hospitals in a rural region. To evaluate the effects of a CT machine in the trauma room, our study design would be still appropriate. Fourth, we excluded pediatric patients and patients with CPA. This exclusion might affect the generalization of our study findings. Lastly, there was selection bias due to potential differences in decisions on performing the CT scan made by each trauma leader. The leaders were trained in YCUMC, and daily conferences by the trauma team could guarantee equality in decision-making.
Conclusions
In conclusion, our study showed the effects on mortality using a CT-equipped trauma room. Our study also showed the time benefits of placing a CT machine in the trauma room. This time benefit could be critical in severe trauma patients, allowing lifethreatening problems to be detected and allowing earlier critical decision-making. Installing a CT machine in the trauma room could reduce time for decision-making in treating a trauma patient and subsequently lower the mortality of trauma patients. 
